Management of Risk from Flash Floods in the South-Eastern Slovakia  by Zeleňáková, Martina et al.
 Procedia Engineering  161 ( 2016 )  1796 – 1800 
1877-7058 © 2016 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of WMCAUS 2016
doi: 10.1016/j.proeng.2016.08.781 
ScienceDirect
Available online at www.sciencedirect.com
:RUOG0XOWLGLVFLSOLQDU\&LYLO(QJLQHHULQJ$UFKLWHFWXUH8UEDQ3ODQQLQJ6\PSRVLXP
:0&$86
0DQDJHPHQWRI5LVNIURP)ODVK)ORRGVLQ7KH6RXWK(DVWHUQ
6ORYDNLD
0DUWLQD=HOHĖiNRYiD/HQND*DĖRYiE3DYRO3XUF]D3HWHU%OLãĢDQD
aTechnical University of Košice, Vysokoškolská 4, 042 00 Košice, Slovakia 
bSlovak Water Management Enterprise, Ćumbierska 14, 042 00 Košice, Slovakia  
$EVWUDFW
7KLVSDSHUKDGDSULPDU\WDVNQDPHO\³3URSRVDORIDPHWKRGRORJ\IRUWKHSURFHVVRISUHOLPLQDU\DVVHVVPHQWRIIORRGULVN±D
PHWKRGRORJLFDOSURFHGXUHIRUSUHOLPLQDU\IORRGULVNDVVHVVPHQWIURPIODVKIORRGVZLWKUHVSHFWWRWKHQHHGIRULWVXSGDWLQJIROORZLQJ
IURPGLUHFWLYH (& DQG LWV DSSOLFDWLRQ LQ WKH FRQGLWLRQV RI DPRGHOOHG WHUULWRU\´ 7KHPHWKRGVZKLFK DUH XVHG LQ WKH
FRQWULEXWLRQHPHUJHIURPSUDFWLFDOH[SHULHQFHDVZHOODVIURPNQRZOHGJHREWDLQHGIURPWKHDYDLODEOHOLWHUDWXUHDQGFRQVXOWDWLRQV
ZLWKH[SHUWVGHDOLQJZLWKWKHJLYHQSUREOHPLQSUDFWLFH7KHIRXQGDWLRQVRIIORRGULVNDVVHVVPHQWDUHK\SRWKHVHVRQWKHLPSDFWRI
SK\VLRJHRJUDSKLFDODWWULEXWHVRIEDVLQVRQWKHRULJLQRIIORRGV7KHFRQFHSWXDOIUDPHZRUNIRUIORRGULVNDVVHVVPHQWRIIODVKIORRGV
FRPHVIURPWKHGHILQLWLRQRIDPXOWLGLPHQVLRQDOFRQFHSWLRQRIIORRGULVN7KHSURSRVHGPHWKRGRORJ\FRQVLVWVLQWKHLGHQWLILFDWLRQ
RIFULWLFDOSRLQWVDQGFRQWULEXWLQJVXUIDFHVIURPWKHYLHZSRLQWRIFUHDWLRQRIDFRQFHQWUDWHGVXUIDFHIORZIURPIODVKIORRGVDQGWKHLU
DGYHUVHLPSDFWVRQWKHEXLOWXSDUHDVRIDPXQLFLSDOLW\7KHSULPDU\JRDORIWKHDVVHVVPHQWRIULVNRIFRQWULEXWLQJVXUIDFHVZDV
GHWHUPLQLQJWKHULVNLQHVVRIWKHORFDOLW\ZLWKDQRUGLQDOGHJUHHLHORZPRGHUDWHDQGKLJKDQGSURYLGLQJDIRXQGDWLRQIRUD
VHFRQGVWDJHFDOOHGFRQWUROOLQJ ULVN7KH UHVXOWLQJ ULVNRIFRQWULEXWLQJVXUIDFHV LVGHWHUPLQHGDVDFRPELQDWLRQRIGDQJHUDQG
YXOQHUDELOLW\DFFRUGLQJWRDVHWPDWUL[3URFHVVLQJDQGDQDO\VLVRIWKHLQSXWGDWDDVZHOODVYLVXDOL]DWLRQRIWKHDFKLHYHGUHVXOWVLV
FDUULHGRXWLQWKH*,6HQYLURQPHQW$UF*,6LQLQWHJUDWLRQZLWKDVSUHDGVKHHWRI0LFURVRIW([FHO
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKHRUJDQL]LQJFRPPLWWHHRI:0&$86
Keywords:IODVKIORRGVIRRGULVNKD]DUGYXOQHUDELOLW\


&RUUHVSRQGLQJDXWKRU7HO
E-mail address:PDUWLQD]HOHQDNRYD#WXNHVN
© 2016 The Authors. Published by lsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of the organizing committee of WMCAUS 2016
1797 Martina Zeleňáková et al. /  Procedia Engineering  161 ( 2016 )  1796 – 1800 
,QWURGXFWLRQ
,W LV LPSRUWDQW WRNHHSLQPLQGWKDWDIORRGLQDPRGHUQHFRQRP\LVH[SHFWHGWREULQJDERXWDZKROHJDPXWRI
FRQVHTXHQFHV7KHFRVWVRIGDPDJHVFDXVHGE\H[WUHPHZHDWKHUHYHQWVDPRQJZKLFKIORRGVDUHDPDMRUFDWHJRU\
KDYHH[KLELWHGDUDSLGXSZDUGWUHQGERWKJOREDOO\DQGLQ(XURSH7KHVFRSHDQGH[WUHPLW\RIIORRGHSLVRGHV¶SRLQWWR
WKHQHHGWREXLOGDFRPSUHKHQVLYHV\VWHPRIIORRGSURWHFWLRQPHDVXUHVLQSRWHQWLDOIORRGDUHDV>@7KHDLPRIIORRG
ULVNPDQDJHPHQWLVWKHSURSRVDORIIORRGSURWHFWLRQPHDVXUHV7KHPDLQREMHFWLYHRIWKHPDQDJHPHQWDVZHOODVWKH
HQWLUHPDQDJHPHQWF\FOHLVUHJXODWHGE\WKH'LUHFWLYHRIWKH(XURSHDQ3DUOLDPHQWDQGRIWKH&RXQFLO(&RQ
WKHDVVHVVPHQW DQGPDQDJHPHQWRI IORRG ULVNV >@7KHDLPRI WKLVGLUHFWLYH LV WR UHGXFHDQGFRQWURO WKHDGYHUVH
FRQVHTXHQFHV RQ KXPDQ KHDOWK WKH HQYLURQPHQW FXOWXUDO KHULWDJH DQG HFRQRPLF DFWLYLW\ DVVRFLDWHGZLWK IORRGV
$FFXUDWH DQG FXUUHQW IORRGSODLQPDSV FDQEH WKHPRVW YDOXDEOH WRROV IRU SUHYHQWLQJ VHYHUH VRFLDO HFRQRPLF DQG
HQYLURQPHQWDOORVVHVIURPIORRGV)ORRGPDSVPD\FRQWDLQDZLGHYDULHW\RIIORRGUHODWHGLQIRUPDWLRQ7KHUHIRUH
VSHFLILFW\SHVRIIORRGPDSVH[LVW>@7RROVOLNHIORRGULVNPDSSLQJULVNEDVHGGHVLJQRIIORRGSURWHFWLRQPHDVXUHV
IORRG LQVXUDQFH DQG VLPLODU DUH JLYHQGHWDLOHG FRQVLGHUDWLRQ LQ WKH FRQWH[W RI LQWHJUDWHG IORRG ULVNPDQDJHPHQW
$FFXUDWHO\XSGDWHGIORRGSODLQPDSVDOVRLPSURYHSXEOLFVDIHW\(DUO\LGHQWLILFDWLRQRIIORRGSURQHSURSHUWLHVGXULQJ
HPHUJHQFLHVDOORZVSXEOLFVDIHW\RUJDQL]DWLRQVWRHVWDEOLVKZDUQLQJDQGHYDFXDWLRQSULRULWLHV$UPHGZLWKGHILQLWLYH
LQIRUPDWLRQJRYHUQPHQWDJHQFLHVFDQLQLWLDWHFRUUHFWLYHDQGUHPHGLDOHIIRUWVEHIRUHGLVDVWHUVWULNHV>@7KHUDQJH
DQGH[WUHPHQHVVRIIORRGHSLVRGHV¶SRLQWWRWKHQHFHVVLW\RIDFRPSOH[SURSRVDOIRUEXLOGLQJRUVXSSOHPHQWLQJIORRG
SURWHFWLRQPHDVXUHVLQDUHDVRISRWHQWLDOIORRGLQJ7KHSDSHUSUHVHQWVDJHQHUDOPHWKRGRORJ\IRUSUHOLPLQDU\IORRG
ULVNDVVHVVPHQWRI IODVKIORRGVDQGDSURSRVDO IRUHIIHFWLYH IORRGSURWHFWLRQDFFRUGLQJ WKHREMHFWLYHVRI IORRGULVN
PDQDJHPHQW
0DWHULDODQGPHWKRGV
.QRZOHGJHRQWKHPDWHULDODQGVSDWLDORFFXUUHQFHRIIORRGVLWXDWLRQVDQGNQRZOHGJHRIWKHUHDVRQVWKDWFRQGLWLRQ
WKHLQFUHDVHGIUHTXHQF\RUUHJLRQDOGLIIHUHQFHVLQWKHRFFXUUHQFHRIIORRGVDUHDQHVVHQWLDOIRXQGDWLRQIRUDFFHSWLQJ
HIIHFWLYHDQGVXVWDLQDEOHSUHYHQWLYHIORRGPLWLJDWLRQPHDVXUHV
2.1. Study area 
)RUDSUDFWLFDOLOOXVWUDWLRQRIWKHDVVHVVPHQWRIIORRGULVNIURPIODVKIORRGVWKHHQWLUHEDVLQRIWKH%RGYD5LYHU
VLWXDWHGLQWKHVRXWKRI6ORYDNLD)LJLVVHOHFWHG



)LJ%RGYDULYHUEDVLQ>@
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/RQJODVWLQJDQGH[FHSWLRQDOO\SURIXVHUDLQVFDXVHGIORRGLQJVLWXDWLRQVLQWKH%RGYDEDVLQLQWKH\HDUV
DQG7KH\HDUVDQGEHORQJHGDOVRDPRQJ\HDUVZLWKIORRGDFWLYLWLHV7KH\HDUZDV
IURPWKHYLHZSRLQWRIUDLQIDOOH[FHSWLRQDOO\DERYHDYHUDJHLQWKH%RGYDEDVLQ>@
)RUSUDFWLFDODSSOLFDWLRQRIWKHPHWKRGRORJLFDOSURFHVVRIVHOHFWLQJPHDVXUHVIRUIORRGSURWHFWLRQZLWKDIRFXVRQ
ORZHULQJWKHSRWHQWLDOIRUDGYHUVHFRQVHTXHQFHVRIIORRGVRQKXPDQKHDOWKSURSHUW\DQGWKHHQYLURQPHQWWKHVPDOO
WRZQRI0HG]HYLQDSDUWLDOEDVLQRIWKH%RGYDZDVVHOHFWHG
7KHWRZQRI0HG]HYZDVLQWKHVFRSHRISUHOLPLQDU\DVVHVVPHQWRIIORRGULVNLQ6ORYDNLDDVVHVVHGDVDQDUHDZLWK
DQH[LVWLQJSRWHQWLDOIRUVLJQLILFDQWIORRGULVN)LJ

)LJ3UHOLPLQDU\IORRGULVNDVVHVVPHQWLQ%RGYDULYHUEDVLQ>@
2.2. Risk analysis 
,Q6ORYDNLDUDLQVRIH[FHSWLRQDOO\JUHDWLQWHQVLW\DUHWKHPRVWIUHTXHQWUHDVRQIRUORFDOIODVKIORRGV7KHSURFHVV
RIVHOHFWLRQRIFDXVDOIDFWRUVHQDEOHVWKHUHFRJQLWLRQRIULVNIDFWRUVRULGHQWLILFDWLRQRIULVNDUHDVIRUWKHSRWHQWLDO
RULJLQRIIODVKIORRGVLQDJLYHQFRPSRQHQWEDVLQ
)RUWKLVPHWKRGRORJ\FDXVDOIDFWRUVDUHVHOHFWHGE\WKHDXWKRUVRQWKHEDVLVRIWKRVHJHRSK\VLFDOFKDUDFWHULVWLFVRI
EDVLQVZKLFKGHWHUPLQHWKHFKDUDFWHUDQGFRXUVHRIWKHIODVKIORRGV>@)URPGHWDLOHGDQDO\VHVLWIROORZVWKDWLQWKH
PDMRULW\RIFDVHVEDVLQVDIIHFWHGE\IODVKIORRGVDUHWKRVHZLWKFRQWULEXWLQJVXUIDFHVRIVL]HVIURPWRNPZLWK
DQDYHUDJHVORSHHTXDORUKLJKHUWKDQZLWKDVKDUHRIDUDEOHODQGRIPRUHWKDQDQGZLWKDODUJHULQGLFDWRU
RI FULWLFDO FRQGLWLRQV OHVV WKDQ RU HTXDO WR D YDOXH RI  7KH LQGLFDWRU RI FULWLFDO FRQGLWLRQV UHSUHVHQWV
DFRPELQDWLRQRIJHRPHWULFDQGSK\VLRJHRJUDSKLFDOIDFWRUVLQWKHULYHUEDVLQ>@
7KHPDLQJRDORIULVNDQDO\VLVLVGHWHUPLQLQJWKHhazardRIFRQWULEXWLQJVXUIDFHVDQGWKHvulnerabilityRIWKHODQG
EHQHDWKWKHFULWLFDOSRLQW7KHKD]DUGRIDVXUIDFHPHDQVWKHVL]HRIWKHWKUHDWRIIODVKIORRGVDQGLWLVGHWHUPLQHGRQ
WKHEDVLVRIDQLQGLFDWRURIFULWLFDOFRQGLWLRQV9XOQHUDELOLW\LVGHWHUPLQHGE\H[SHUWHVWLPDWHDQGUHFRQQDLVVDQFHRI
WKHWHUUDLQVLQFHGXULQJIODVKIORRGVWKHUDQJHRIWKHIORRGVLVQRWNQRZQLQWKHWHUULWRU\9XOQHUDELOLW\LVGHWHUPLQHG
RQWKHEDVLVRIWZRFULWHULDQDPHO\WKHW\SHRIWKHEXLOWXSDUHDDQGWKHGHQVLW\RIWKHEXLOWXSDUHDEHQHDWKWKHFULWLFDO
SRLQW7KHDLPRIULVNDVVHVVPHQWLVGHWHUPLQLQJWKHULVNRIWKHDUHDXVLQJDQRUGLQDOVFDOHLHORZPRGHUDWHKLJK
7KHULVNLQHVVRIWKHDUHDLVGHWHUPLQHGRQWKHEDVLVRIDFRPELQDWLRQRIWKHKD]DUGRIWKHFRQWULEXWLQJVXUIDFHVDQG
WKHYXOQHUDELOLW\RIWKHWHUULWRU\EHQHDWKWKHFULWLFDOSRLQW
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7KHKLJKHVWIORRGULVNVWKUHDWHQLQFRQWULEXWLQJVXUIDFHVZKHUHWKHKD]DUGIURPIODVKIORRGVDQGYXOQHUDELOLW\RI
WKHWHUULWRU\EHQHDWKWKHFULWLFDOSRLQWDUHDVVLJQHGWRFDWHJRU\$±KLJK±$$$%%$7KHVHVXUIDFHVVKRXOGEH
UHVROYHGDVDSULRULW\7KHDUHDV$&%%DQG&$DOOEHORQJWRWKHFDWHJRU\%RIPRGHUDWHULVN$UHDVFDWHJRUL]HGDV
&%&&DQG%&EHORQJWRWKHFDWHJRU\&RIORZULVN%XLOWXSDUHDVLQWKHVHORFDOLWLHVDUHXQGHUPLQLPDOWKUHDW
5HVXOWVDQGGLVFXVVLRQV
7KHLQGLYLGXDOVWHSVRIWKHSUHOLPLQDU\DVVHVVPHQWRIIORRGULVNVIURPIODVKIORRGVLQWKHFRPSRQHQWEDVLQRIWKH
%RGYDDUHIROORZLQJ7KHILUVWLGHQWLILFDWLRQRIFULWLFDOSRLQWVLVFDUULHGRXWRQWKHEDVLVRIDQDO\VLVRIWKHLQWHUVHFWLRQV
RIWKHJHQHUDWHGSDWKVRIFRQFHQWUDWHGVXUIDFHIORZZLWKDFRQWULEXWLQJVXUIDFHIURPWRNPDQGWKHERUGHUVRI
EXLOWXSDUHDVRIPXQLFLSDOLWLHV2YHUDOOFULWLFDOSRLQWVZHUHLGHQWLILHGLQWKHEDVLQ7KHSUHOLPLQDU\SDUDPHWHUV
DUH XVHG IRU FDOFXODWLRQ RI WKH LQGLFDWRU RI FULWLFDO FRQGLWLRQVZKLFK UHSUHVHQWV DFRPELQDWLRQ RI JHRPHWULF DQG
SK\VLRJHRJUDSKLFDOIDFWRUV7KHKLJKHULVWKHYDOXHRILQGLFDWRURIFULWLFDOFRQGLWLRQVWKHKLJKHULVSRWHQWLDOKD]DUGRI
RULJLQE\IODVKIORRGLQJ,GHQWLILFDWLRQRIWKHILQDOFULWLFDOSRLQWVFRQVLVWVLQVHOHFWLRQRIWKHFULWLFDOSRLQWVRQWKHEDVLV
RIFULWHULDGHWHUPLQHG LQ WKHSURSRVHGPHWKRGRORJ\7KRVHFULWLFDOSRLQWVDUHVHOHFWHGZKLFKIXOILO WKHFULWHULDDQ
DYHUDJHVORSHRIWKHFRQWULEXWLQJVXUIDFHZLWKWKHVKDUHRIDUDEOHODQGRQWKHFRQWULEXWLQJVXUIDFHDQG
DQ LQGLFDWRURI WKH FULWLFDO FRQGLWLRQV   )URP WKH WRWDO QXPEHU RI  FULWLFDO SRLQWV  FULWLFDO SRLQWV RU 
FRQWULEXWLQJVXUIDFHVVDWLVI\WKHHQWHUHGFULWHULD2YHUDOOFRQWULEXWLQJVXUIDFHVLQWKHFRPSRQHQWEDVLQRIWKH%RGYD
ZHUHGHWHUPLQHGWREHFODVV%KD]DUGPRGHUDWHKD]DUGDQGFRQWULEXWLQJVXUIDFHVZHUHDVVLJQHGWRFODVV$KLJK
KD]DUG
9XOQHUDELOLW\EHORZWKHFULWLFDOSRLQWZDVGHWHUPLQHGRQWKHEDVLVRIW\SHRIEXLOWXSDUHDDQGGHQVLW\RIWKHEXLOW
XSDUHDEHORZDFULWLFDOSRLQW7KH UHVROYHGVHJPHQW IRUDVVHVVLQJYXOQHUDELOLW\ZDVGHWHUPLQHGE\DSURIHVVLRQDO
HVWLPDWHDQGWHUULWRULHVDGMDFHQWWRWKHIORZLHDEXLOWXSDUHDGLUHFWO\DGMDFHQWWRWKHEDQNRIWKHIORZZHUHWDNHQ
LQWRFRQVLGHUDWLRQ
7KHULVNDFFRUGLQJWRWKHSURSRVHGPHWKRGZDVFDOFXODWHGDVDFRPELQDWLRQRIKD]DUGDQGYXOQHUDELOLW\,QWKHFDVH
RIWKLVFULWLFDOSRLQWWKHFRQWULEXWLQJVXUIDFHLVDVVLJQHGWRWKHULVNFDWHJRU\%%ZKLFKPHDQVWKDWWKHORFDOLW\LVDW
PRGHUDWHULVNLQWHUPVRIIODVKIORRGLQJRIWKHULYHUEDVLQ%RGYD
7KHSUHVHQWVWDWHRIIORRGSURWHFWLRQQRWRQO\LQWKHFRPSRQHQWEDVLQRIWKH%RGYDEXWDOVRWKURXJKRXW6ORYDNLDLV
WKH UHVXOWRI ORQJWHUPGHYHORSPHQW$JULFXOWXUDOGHYHORSPHQWDQG WKHEXLOGLQJRI LQGXVWU\ZKLFKZDVFRQQHFWHG
SULPDULO\ZLWK WKHGHYHORSPHQWRI WRZQVKDYH IRUFHG WKHFRQVWUXFWLRQRI WHFKQLFDOSUHYHQWLYHPHDVXUHV IRU IORRG
SURWHFWLRQLQWKHODQGVFDSHDQGDORQJZDWHUFRXUVHV3UHVHQWIORRGSURWHFWLRQLQIUDVWUXFWXUHLQWKHFRPSRQHQWEDVLQRI
WKH%RGYD WDNHV LQWR FRQVLGHUDWLRQ HVSHFLDOO\ WKH DOWHUDWLRQRIZDWHUFRXUVHV SURWHFWLYH OHYHHV DQG UHVHUYRLUV1R
SROGHUVDUHORFDWHGLQWKHEDVLQ>@
$SUHOLPLQDU\IORRGULVNDVVHVVPHQWIURPIODVKIORRGVWKDWLVWKHDVVHVVPHQWRIDQDUHDZLWKWKLVIORRGULVNUHTXLUHV
DTXDQWLW\RIGDWDIRXQGDWLRQVRIDFRUUHVSRQGLQJUDQJH
7KHSURSRVHGIORRGPLWLJDWLRQPHDVXUHVLQ-DVRYDUHDRIH[LVWLQJSRWHQWLDOIRUVLJQLILFDQWIORRGULVNDQG0ROGDYD
QDG%RGYRXDUHDZLWKSUREDEOHSRWHQWLDOIRUVLJQLILFDQWIORRGULVNDUHDVIROORZV>@
x LQFUHDVLQJRIIORZFDSDFLW\E\FRQVWUXFWLRQRIULYHUVLGHZDOOVDQGHDUWKG\NH
x H[WHQGLQJULYHUEHGIRUWLI\LQJULYHUFKDQQHOVORSHVLQWKHORFDODUHDRI%XGXORYSDUWRI0ROGDYD
x OHDYLQJWKHDUHDEHWZHHQWKHWRZQRI0ROGDYDQDG%RGYRXDQG-DVRYWRWKHQDWXUDOWUDQVIRUPDWLRQRIIORRG
ZDYHV
7KHWRWDOHVWLPDWHGFRVWVRIIORRGPLWLJDWLRQPHDVXUHVLQ%RGYDULYHUEDVLQDUH(XU
&RQFOXVLRQV
7KHSDSHUGHDOVZLWKDQDSSOLFDWLRQRISUHOLPLQDU\IORRGULVNDVVHVVPHQWSDUWLFXODUO\IORRGULVNDVVHVVPHQWIURP
IODVKIORRGVLQWKH%RGYDULYHUEDVLQZKLFKLVVLWXDWHGLQWKHVRXWKRIWKH6ORYDN5HSXEOLF7KHDLPRIWKHSUHOLPLQDU\
DVVHVVPHQWRIIORRGULVNIURPIODVKIORRGVLVGHWHUPLQLQJWKHKD]DUGDQGWKHYXOQHUDELOLW\RIDVVHVVHGDUHD7KHUHVXOW
RILGHQWLILFDWLRQRIDKD]DUGLVWKHGHWHUPLQDWLRQRIFULWLFDOSRLQWVLQWKHEDVLQDQGWKHLUFRQWULEXWLQJVXUIDFHVRQWKH
EDVLVRIWKHJHRPHWULFDQGSK\VLRJHRJUDSKLFDOFKDUDFWHULVWLFVRIWKHFRQWULEXWLQJVXUIDFHV9XOQHUDELOLW\LQWKHVWXG\
DUHDLVGHWHUPLQHGRQWKHEDVLVRI WKHW\SHDQGGHQVLW\RI WKHEXLOWXSDUHD7KHUHVXOWLQJIORRGULVNLVVWDWHGDVD
1800   Martina Zeleňáková et al. /  Procedia Engineering  161 ( 2016 )  1796 – 1800 
PRGHUDWHULVN7KHVFRSHDQGH[WUHPLW\RIIORRGHSLVRGHV¶SRLQWWRWKHQHHGWREXLOGDFRPSUHKHQVLYHV\VWHPRIIORRG
SURWHFWLRQPHDVXUHVLQSRWHQWLDOIORRGDUHDV7KHSUHVHQWVWDWHRIIORRGSURWHFWLRQQRWRQO\LQWKHFRPSRQHQWEDVLQRI
WKH%RGYDEXWDOVR WKURXJKRXW6ORYDNLD LV WKHUHVXOWRI ORQJWHUPGHYHORSPHQW$JULFXOWXUDOGHYHORSPHQWDQG WKH
EXLOGLQJRILQGXVWU\ZKLFKZDVFRQQHFWHGSULPDULO\ZLWKWKHGHYHORSPHQWRIWRZQVKDYHIRUFHGWKHFRQVWUXFWLRQRI
WHFKQLFDOSUHYHQWLYHPHDVXUHVIRUIORRGSURWHFWLRQLQWKHODQGVFDSHDQGDORQJZDWHUFRXUVHV3UHVHQWIORRGSURWHFWLRQ
LQIUDVWUXFWXUHLQWKHFRPSRQHQWEDVLQRIWKH%RGYDWDNHVLQWRFRQVLGHUDWLRQHVSHFLDOO\WKHDOWHUDWLRQRIZDWHUFRXUVHV
SURWHFWLYHOHYHHVDQGUHVHUYRLUV
$FNQRZOHGJHPHQWV
7KHUHVHDUFKZDVVXSSRUWHGE\SURMHFWRI6FLHQWLILFDQG(GXFDWLRQDO*UDQW$JHQF\
5HIHUHQFHV
>@0=HOHĖiNRYi)ORRGULVNDVVHVVPHQWDQGPDQDJHPHQWLQ6ORYDNLDLQ&$%UHEELD(GV5LYHU%DVLQ0DQDJHPHQW6RXWKDPSWRQ:,7
SS±
>@'LUHFWLYHRQWKHDVVHVVPHQWDQGPDQDJHPHQWRIIORRGULVNV(&2IILFLDO-/±%UXVVHOV7KH(XURSHDQ3DUOLDPHQWDQGWKH
&RXQFLORIWKH(XURSHDQ8QLRQ
>@-9DQ$OSKHQ)0DUWLQL5/RDW56ORPS53DVVFKLHU)ORRGULVNPDSSLQJLQ(XURSHH[SHULHQFHVDQGEHVWSUDFWLFHV-)ORRG5LVN0DQDJH
±
>@636LPRQRYLF0DQDJLQJIORRGULVNUHOLDELOLW\DQGYXOQHUDELOLW\-)ORRG5LVN0DQDJH±
>@ 0LQLVWU\ RI WKH (QYLURQPHQW RI WKH 6ORYDN 5HSXEOLF 0( 65 3UHOLPLQDU\ IORRG ULVN DVVHVVPHQW LQ %RGYD ULYHU EDVLQ 
KWWSZZZPLQ]SVNILOHVVHNFLDYRGERGYDVXKUQQ\SGI
>@:DWHU5HVHDUFK,QVWLWXWH:5,7*00HWKRGRORJ\IRUFULWLFDOSRLQWVLGHQWLILFDWLRQ
KWWSZZZSRYLVF]P]S.%BPHWRGLFN\BQDYRGBLGHQWLILNDFHSGIDFFHVV
>@0=HOHĖiNRYi/*DĖRYi33XUF]/6DWUDSD0HWKRGRORJ\RIIORRGULVNDVVHVVPHQWIURPIODVKIORRGVEDVHGRQKD]DUGDQGYXOQHUDELOLW\
RIWKHULYHUEDVLQ1DWXUDO+D]DUGVSS±
>@09iJiãLRYi([SHULHQFHVLQSURFHVVLQJRIIORRGULVNPDQDJHPHQWSODQLQWHUPVRI6ORYDN:DWHU0DQDJHPHQW(QWHUSULVHVH%UDQFK2IILFH
.RãLFH
